resultant of multiplication of cells, and the growth of the whole body is the resultant of the interdependent and harmonious growth of the various tissues. The whole body may therefore be said to be determined by a limiting autocatalytic reaction and as such the rate of growth of the mass of the body should follow the velocity equation of an autocatalytic monomolecular reaction. Robertson 8 and Ostwald 4 simultaneously but independently showed this to be the case.
The velocity equation of an autocatalytic monomolecular reaction may be derived as follows: Let A be the amount of limiting growth substance at the beginning of growth which is ultimately destined in the presence of nutrients to be converted into tissue; let the amount .z so converted be x; and, therefore, (A -x) remains unconverted. dx By hypothesis, the velocity of growth ~-~ is proportional to both (A -x) and also to x which acts as the catalyzerof the reaction, that is, 
dt 3Robertson, T. B., Arch. Entwicklungsmechn. Organ., 1907-08, xxv, 581; Biol. Centr., 1910, xxx, 316 ; Principles of biochemistry, for students of medicine, agriculture and related sciences, Philadelphia, 1920. 40stwald, W., Vortriige und Aufsiitze fiber Entwicklungsmechanik der Organismen, Leipsic, 1908 , v, cited by Loeb (1910 ), 2 and Robertson (1910 . 3 dz where K is the velocity constant. On plotting ~ for various values of x a curve of a rising and falling type is obtained with a maximum at the center where x = ,4 -x or x = ½A as shown in Fig. 1 .
2O
LbS. Ordinates and abscis-A comparison of Fig. 1 , the theoretical velocity curve of an autocatalytic monomolecular reaction, with Figs. 2 and 3, the velocity curves of growth of a group of dairy cows in this Station, 5 shows obvious similarities.
These postuterine velocity curves of growth show two reactions or cycles with maxima at about 5 and 20 months of age. The assymetry of the curve of cycle A may be tentatively explained by assuming that the second cycle, B, begins before the completion of cycle A, thus resulting in a superimposition of the two cycles with the consequent assymetry.
Other factors may conceivably enter, such as deposition of fat at that age, as suggested by Robertson in connection with his work. 8 The other irregularities might be expected considering that the animals were kept under average, which means highly variable, conditions and considering the small number of animals on which the data are based ( Table I ). The irregularities in the second extranterine cycle B may be further accounted for by the fact that for reasons of economy the animals were bred at 20 to 21 months of age, calving at the ages of 29 to 30 months.
Cycle B is undoubtedly the last growth cycle, comparatively little growth being made after the age of 30 months. According to Donaldson 6 and Robertson, 3 there are at least three such cycles in the mammal; if the tricyclic theory is true, then there should be at least one cycle in utero in addition to the extranterine cycles A and B. There is some evidence in this department, not enough, however, for publication, indicating that there is indeed such an intrauterine cycle.
Each of these cycles, according to Robertson, 3 should follow the equation of an autocatalytic reaction. It is interesting, in addition to the qualitative comparison of the experimental and theoretical curves, also to find out what is the approximate quantitative agreement between the experimental and calculated values. Equation (1) cannot be used for this purpose since, while the weights of the animals were recorded with reference to time, their age, the velocity Eckles, C. H., Univ. M4ssouri Agric. Exp. Station, Researck Bull. 36, 1920 . 8 Donaldson, H. H., Boas memorial volume, New York, 1906 , cited by Robertson (1907 . 8 --in equation (1) is not expressed as a function of time. Equation
(1) is therefore first integrated. The integration is performed by writing
which is a standard form ready for integration
Integrating and putting K for K A we get
where C is the integration constant. The precise meaning of C, the integration constant, and t, time, may be obtained as follows: Let t, time, be counted from the maximum of the velocity curve (A in the figure) ; that is, where x = A -x. The value of t at the maximum point is therefore zero, so is log x is simplified to A -x' and C also, and the equation
where t is the time interval between the maximum point of growth and any other time on the curve. Instead of t, we may write (t -h) when tl is the age of the animal at the maximum point of growth, and t is any age. The equation becomes
where x, the weight of the animal, is expressed as a function of its age, t. Equation (2) (2), e = 2.718, the base of natural logarithms. Equation (2) will, however, be used on account of the relative simplicity of its application to the data. In equation (2), x is the weight gained from the beginning of any cycle up to any age, t, of that cycle; while A is the total growth made in that cycle which is equivalent to the limiting growth substance present at the beginning of the cycle. If the cycle under consideration is preceded by one or more other cycles, then the growth of the preceding cycles must be subtracted from the weight of the animal at the age t in order to obtain x. Let w be the weight gained up to the beginning of the cycle under consideration and x, the weight of the animal at the age t; then equation (2) becomes log A xl --~v
-( x l -w ) K ( t -t 0 (3)
The simplest method of applying equation (2) conveniently with the aid of semilogarithmic paper or still better by the aid of Robertson's tables, s The value of A giving the straightest line is the one chosen for computation. The last graphic method of verifying the correctness of the estimated value of A was called to our attention by Dr. E. R. Hedrick of this University, and it has proved very satisfactory in this work.
The first extrauterine cycle, A, should, in accordance with the tricyclic theory of growth, be preceded by another cycle in ulero; that is, w in equation (3) should have some value other than zero. Since, however, we have no data on intrauterine growth of the dairy cow and since the neglect of the relatively small gain in the intrauterine cycle cannot affect the results very seriously, we shall for the present assume w = 0 and the weight gained up to tl is ½A. Assuming the value of tl for the Holstein cow to be 4.5 months when the animal weighs 275 pounds (see Fig. 3 ), we get the value for A , 275 × 2 = 550 pounds, and equation (2) which should enable computation of comparable values of the animal to at least 9 months (2 × 4.5) of age which in fact is the case as shown in Table II . After 9 months of age the observed values are greater for the probable reasons previously explained.
By the same method the equation for the Jersey cow is found to be x log ---0 . 1 6 9 ( t --5 ) 4 4 4 --x s R o b e r t s o n , T . B., Univ. California Pub. Physiol., 1915, vi, 211. This equation gives an equally satisfactory agreement between the calculated and observed average values for the Jersey cow as seen in Table III. The velocity curves of the last cycle, B (in Figs. 2/rod 3) are very irregular, and no significance could be attached to the fit of equation (3) for the data of that period. The possible causes of their irregularity have been indicated. It might, however, be of interest to apply equation (3) to the data in order to illustrate the method of procedure. If the growth of the Jersey cow is taken as example it would seem reasonable from inspection of Fig. 2 to assume the value of tl, the maximum, as 20.5 months of age when the animal weighs 635 p o u n d s --t h e average weight of the Jersey cow at m a t u r i t y having been found by Eckles 5 to be 902 pounds. A is therefore 2 × 267 = 534 pounds, and w = 902 -534 = 368 pounds. Equation (3) after evaluation of K tl becomes zl --368 log = 0.0765 (t --20.5) 534 --(zl --368) Calculating x as before, we get Table IV. If all the assumptions are correct, and if pregnancy under the conditions at which the animals were kept did not interfere with their growth, then the observed weights before calving, at 29 months of age, should be greater by at least 55 pounds, the weight of the calf at birth, than the calculated weights. The effect of pregnancy on growth, however, is not well known, the evidence being somewhat contradictory, 9 and no conclusions can therefore be drawn from this rather too close agreement.
9 Cf. Marshall, F. H. A., The physiology of reproduction, London, 1910. Minot, C. S., J. Physiol., 1891, xii, 97. Watson, J. B., J. Comp. Neurol. and  The growth period of the Jersey and Holstein cows is made up of at least three cycles, two extrauterine cycles with m a~m a at about 5 and 20 months of age, and one intrauterine cycle, the maximum of which has not yet been determined. The equation of an autocatalytic monomolecul~r reaction was found to give very good results when applied to the cycle having its maximum at about 5 months of age. The values obtained from this equation when applied to the cycle having the maximum at about 20 months of age were higher than the observed values probably due to the retarding effect of pregnancy and lactation on growth.
We are indebted to Dr. Walter R. Bloor and Dr. Carl L. A. Schmidt, Department of Biochemistry, University of California, for valuable suggestions.
